
Introduction

The growth inhibitory peptide (GIP) derived from human 
α-fetoprotein (HAFP) is a biologically active 34 amino 
acid peptide (GIP-34) composed of three subfragments 
designated as GIP-12 (P149a), GIP-14 (P149b), and 
GIP-8 (P149c, AFPep) (Mizejewski et al., 1996; Vakharia 
& Mizejewski, 2000; Mizejewski, 2007). The 34-mer 

segment lies buried in a molecular cleft that is exposed 
as a result of stress/shock exposures such as oxidative 
shock (Mizejewski, 2001). While all three subfragments 
display bioactivity in a variety of in vitro and in vivo 
models, GIP-34 and GIP-8 (AFPep) have consistently 
demonstrated anticancer therapeutic activity in a multi-
tude of published reports (Mizejewski & MacColl, 2003; 
Muehlemann et al., 2005; Torres, Pino, & Sierralta, 2009). 
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Abstract
The α-fetoprotein derived growth inhibitory peptide (GIP) is a 34-amino acid peptide composed of three 
biologically active subfragments. GIP-34 and its three constituent segments have been synthesized, purified, 
and studied for biological activity. The GIP-34 and GIP-8 have been characterized as anticancer therapeutic 
peptides. An multicenter study was initiated to elucidate the means by which these peptide drugs could 
be targeted to tumor cells. The study first established which cancer types were specifically targeted by the 
GIP peptides in both in vitro and in vivo investigations. It was next demonstrated that radiolabeled peptide 
(125I GIP-34) is specifically localized to rodent breast tumors at 24 h post-injection. The radionuclide studies 
also provided evidence for a proposed cell surface receptor; this was confirmed in a further study using 
fluorescent-labeled GIP-nanobeads which localized at the plasma membrane of MCF-7 breast cancer cells. 
Finally, it was readily demonstrated that GIP conjugated to either fluorescein or doxorubicin (DOX) under-
went tumor cell uptake; subsequently, DOX–GIP conjugates induced cytotoxic cell destruction indicating 
the utility of GIP segments as cancer therapeutic agents. Following a discussion of the preceding results, a 
candidate cell surface receptor family was proposed which correlated with previous published reports for 
a putative AFP/GIP receptor.
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The GIP-34 suppresses growth by S-phase cell cycle arrest 
and p27 inhibitor stabilization (Mizejewski et al., 2006a); 
while GIP-8 acts via blockage of serine-118 phosphoryla-
tion of the estrogen receptor at its N-terminal A/B trans-
activation domain and by modulation of p21 inhibitor 
activity (Mesfin et al., 2001). Since GIP-8 constitutes part 
of the GIP-34 segment, the 34-mer peptide is capable of 
regulating both p27 and p21 cell cycle inhibitors. Overall, 
GIP-8 functions largely in estrogen (E)-dependent cell 
systems, while GIP-34 is active in both E-dependent and 
E-independent cell models (Mizejewski, 2007). The GIP-8 
segment, discovered by one of the present authors (GJM), 
has also been referred to as AFPep in several recent publi-
cations (Mesfin et al., 2000; Bennett et al., 2002). Bennett, 
Mesfin, and others have since confirmed, extended, and 
scrutinized the use of GIP-8 as an anticancer agent (for a 
review, see Mizejewski, 2007).

All four GIP peptides (GIP-34, GIP-12, GIP-14, 
GIP-8) have been synthesized, purified, and character-
ized according to classical biochemical methodologies 
including high pressure liquid chromatography (HPLC), 
mass spectroscopy, amino acid (AA) composition, iso-
electric point determination, AA sequencing, circular 
dichroism, and hydrophobicity/hydrophilicity plotting 
(MacColl et al., 2001). Secondary structure analysis 
revealed that GIP-34 was an amphipathic peptide con-
sisting of 45% β-sheet, 45% random coil (disorder), and 
10% α-helix. In addition, GIP-34 and GIP-8 have a single 
C-terminal Type-I reverse β-hairpin turn (Mesfin et al., 
2001; Mizejewski & MacColl, 2003; Mizejewski, 2007). The 
reverse β-turn has been shown to enhance the biological 
activity of ligand binding because cell surface receptor 
topology is known to preferentially accommodate the 
β-turn conformation in ligand-to-receptor binding kinet-
ics (Shields, 2009). The reverse β-turn is readily appar-
ent in GIP-34, which has been demonstrated to bind to 
the surface of human breast cancer cells followed by 
rapid internalization into the cytoplasm (Mizejewski & 
MacColl, 2003). Preliminary findings have also reported 
the transmembrane passage of GIP-8 into cancer cells. 
It has been proposed that GIP-34 and GIP-8 (and full-
length AFP) bind to an unknown cell surface receptor, 
undergo receptor-mediated endocytosis, and reside in 
the endosome vesicle system (Mizejewski, 2002).

Historical

It is evident from previous reports that GIP-34 can serve 
as a ligand which binds to a receptor(s) on tumor cell 
surfaces (Mizejewski & MacColl, 2003). Clearly, GIP-34 
is also capable of suppressing tumor proliferation in 
both rodent and human cancer in vitro and in vivo 
models. It was further shown that GIP’s biological activ-
ity is dependent on its oligomeric state, specifically its 

linear compared with cyclic configuration (Muehlemann 
et al., 2005). In studies using cell adhesion assays, it 
was demonstrated that GIP-34 inhibited tumor cell 
attachment against various extracellular matrix (ECM) 
proteins, many of which serve as basement membrane 
and anchor constituents (Mizejewski & MacColl, 2003; 
Mizejewski et al., 2006). In assays using activated plate-
let suspensions and MCF-7 cells, GIP-34 was shown to 
be able to block all stages of platelet aggregation and 
tumor cell adhesion against various ECM proteins 
(Mizejewski et al., 2006; Mizejewski, 2007). Finally, 
the use of isolated membrane preparations possessing 
ACETYLcholinesterase as a reporter enzyme showed 
that GIP-34 enhanced cell membrane vesicle formation 
(Mizejewski et al., 2006; Mizejewski, 2007). Overall, the 
inhibition by GIP-34 of cell surface activities such as 
tumor cell adhesion, migration, and platelet aggregation 
was shown to seriously impair the ability of tumor cells 
to spread, adhere, and metastasize.

Although the initial step in the mechanism of GIP’s 
tumor growth suppression has been proposed as cell 
membrane receptor blockade of G-protein-linked sig-
naling cascades, the precise mode of cell membrane 
interaction and ligand uptake is yet to be elucidated 
(Muehlemann et al., 2005). Previous studies have also 
shown that the growth inhibitory property of GIP-34 is 
observed across species barriers and is seen in insects, 
amphibians, birds, and mammals including man and 
rodents (Butterstein & Mizejewski, 1999; Butterstein, 
Morrison, & Mizejewski, 2003; Mizejewski, Smith, & 
Butterstein, 2004). These observations suggest a growth 
inhibitory mechanism of action of GIP-34 that is com-
mon to different kinds of animal cell/tissues and indeed, 
S-phase cell cycle arrest was found to be the common 
cause (Mizejewski et al., 2006). This shared event accom-
panying GIP’s inhibitory activity appears to be initiated 
as cell surface events following the attachment of GIP 
to plasma membrane receptors, which in turn, trigger 
cytoskeletal-mediated cell shape/form changes and 
endocytosis (Mizejewski, 2004). Such activities indicate 
that GIP-34 is a plasma membrane interactive agent that 
can interfere with cell membrane–induced signal trans-
duction pathways which are involved in tumor growth, 
progression, and metastasis (Mizejewski et al., 2006).

Previous studies have documented that α-fetoprotein 
binds to an unknown but measurable AFP-receptor 
(AFP-R) with various binding affinities on different 
human tumor cells and lymphocytes (Uriel et al., 1984a; 
Villacampa et al., 1984; Torres, Geuskens, & Uriel, 1992b; 
Kanevsky et al., 1997). The AFP-binding proteins were 
detectable in membrane-bound forms exhibiting various 
molecular weights (Uriel et al., 1984a; Mizejewski, 1995). 
Mouse mammary tumors (in vivo) preferentially incor-
porated radiolabeled AFP when compared with normal 
tissue (Uriel et al., 1984b). Recent studies have shown 
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that AFP-R is clearly associated with both fetal and neo-
plastic tissues (Biddle & Sarcione, 1987; Lorenzo et al., 
1996; Kanevsky et al., 1997). The expression of the AFP-R 
on human non-proliferating cells is very low; for example, 
the number of AFP-R molecules on lymphoma cells is 
about 10 times higher that on normally proliferating T 
lymphocytes (Torres et al., 1989). Such observations have 
provided the impetus for studies in which AFP has been 
used as a vector for anticancer drug delivery (Severin 
et al., 1995; Severin, 1996).

The present review has presented efforts to demon-
strate that cancer cells express AFP-R molecules which 
can be utilized for in vivo biodistribution and in vitro 
binding studies of fluorescent and radiolabeled GIP. 
These studies demonstrate GIP’s potential application 
for the diagnosis and therapy of cancerous tumors.

The EMTPVNPG (AFPep) octapeptide comprises the 
GIP-8 fragment, which contains amino acid residues 
489–496 of the human AFP-derived GIP-34; this seg-
ment endows the GIP segment with the capability to 
suppress estrogen-dependent growth of the immature 
mouse uterus and breast tumors (Mizejewski, 2007). It 
was shown that this octapeptide and its linear and cyclic 
analogues (in which prolines are replaced with hydroxy-
prolines) inhibited the proliferation of estrogen-depend-
ent breast tumor cells in vitro and in vivo (Mesfin et al., 
2000, 2001; Bennett et al., 2002). It was further reported 
that the octapeptide was able to inhibit angiogenesis 
in chicken embryos and human tumors (Mizejewski 
et al., 2006) as well as tumor cell adhesion to the ECM 
(Mizejewski, 2007). It was also demonstrated, that both 
GIP-34 and GIP-8 reduced the fetotoxicity produced 
from both estrogens and insulin in vivo similar to intact 
AFP (Butterstein et al., 2003). In contrast to GIP-34, the 
octapeptide does not bind the intracellular estrogen 
receptor (ERα) or estradiol itself (Butterstein et al., 2003; 
Mizejewski, 2007).

Objectives

In the present multicenter collaborative report, several 
models of AFP-derived GIP targeting activities at the 
tumor cell membrane are presented in a review format. 
Following a historical review of the varied and multiple 
activities of GIP-34 and its subfragments (see earlier), a 
case was made to present the 34-mer peptide and its inclu-
sive segments as cell surface interacting agents capable of 
influencing cell adhesion, shape, and form (Mizejewski 
et al., 2004; Muehlemann et al., 2005; Mizejewski, 2007). 
Second, several mammalian cell assays of in vitro and 
in vivo oncogenic growth are displayed in tabular form 
establishing and confirming GIP’s growth suppressive 
capabilities in a myriad of human cancer cells and tissue 
types. The GIP growth inhibition was then compared with 

small molecule drugs such as doxorubicin (DOX) and 
tamoxifen. Third, the tissue radio-distribution of labeled 
GIP-34 in mammary tumor-bearing rodents in vivo was 
presented concerning GIP-peptides labeled with either 
125I or 99mTc. Following the biodistribution analysis, tumor 
tissue extracts were studied using cross-linking agents to 
isolate proteins binding to the labeled peptide. Fourth, 
the binding of GIP-34–coated fluorescent nanobeads to 
the surface of MCF-7 breast cancer cells was analyzed 
to determine binding specificity of GIP versus control 
peptides and to identify tumor binding proteins by cross-
linking experiments. Finally, studies were conducted in 
which the cell uptake and retention of the GIP-8 fragment 
was analyzed by fluorescent microscopy utilizing ovarian 
tumor cells; these studies were followed by cell uptake 
studies employing DOX-conjugated 8-mer peptide. 
Overall, the present review has focused on the effects of 
GIP on cell surface events on neoplastic cells undergoing 
growth and progression with the aim of identifying GIP’s 
molecular and cellular targets. Such studies should aid in 
elucidating the cell surface mechanism of action of GIP 
regarding early binding and uptake events (day 1) which 
ultimately result in tumor growth suppression by peptide 
treatment days 6 to 8.

Results

Growth effect of GIP-34 on human tumor cell lines

A summary of the screening of the GIP-34 peptide by 
the National Cancer Institute (NCI) Therapeutics Drug 
Screening Program (Bethesda, MD, USA) using many dif-
ferent human cancer cell lines has been reported. These 
findings detailed the in vitro results of GIP exposure to 
cell culture lines representing a variety of human cancer 
cell types (Mizejewski & MacColl, 2003; Muehlemann 
et al., 2005). In a 6-day proliferation assay (employing 
sulforhodamine staining), the linear GIP-34 peptide was 
reported to be cytostatic (non-cytotoxic) against 38 of 
the 60 NCI cancer cell lines, representing nine different 
cancer cell types including prostate, breast, and ovarian 
cancers and others (Muehlemann et al., 2005; Mizejewski 
et al., 2006). In subsequent reports, the effective use of the 
GIPs against various breast cancers has been reported in 
several studies involving breast cancer cells both in vivo 
and in vitro employing alternate day peptide doses over 
a 6–8 day testing period in cultures containing 5% fetal 
bovine sera (FBS) (Mizejewski, 2007). It was evident from 
those studies that both cyclic GIP-34 and linear GIP-8 
were inhibitory against several breast cancers, including 
MCF-7 and T47D, as determined by sulforhodamine-
stained cell proliferation assays. These studies indicated 
that both GIP segments have a growth inhibitory range 
from 40% to 90% at 10−7 M against a multiplicity of breast 
and prostate (reproductive) tumors.
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Present in vivo experiments employing hollow fiber 
assays (Hollingshead et al., 1995) performed by the 
National Cancer Institute Therapeutics Group showed 
that GIP-34 achieved growth suppressions of 20–45% at 
day 4 showing its greatest effect against ovarian tumors 
(Table 1). These assays demonstrated that GIP-34 not 
only permeated the hollow fiber pores, but suppressed 
growth in tumor cells bathed within the body cavity of 
the host animal.

It was next deemed necessary to determine whether 
the various subsegments of GIP-34 exhibited tumor sup-
pressive capabilities similar to those of the intact 34-mer 
peptide. The linear GIP was used because the subfrag-
ments did not form cyclic compounds for comparison. 
In studies employing a human kidney tumor cell line, 
it was further demonstrated that linear GIP-34 and its 
inclusive fragments (GIP-12, 14, 8) demonstrated differ-
ent growth inhibitory capabilities. For example, GIP-34 
displayed nearly 80% growth inhibition of kidney tumors 
at 5 × 10−4 M, while fragments GIP-14, GIP-12, and GIP-8 
showed lesser potencies of 50%, 25%, and 20%, respec-
tively (Mizejewski et al., 2006). As reported in previous 
cancer models, the individual subfragments of GIP-34 
displayed less biological activity than the entire 34-mer 
peptide (Mizejewski & MacColl, 2003; Mizejewski et al., 
2006; Mizejewski, 2007).

In a subsequent study using lymphomas, liver, and 
breast cell cultures in a 2 day versus a 7-day single dose 
study, it was determined that both linear and cyclic 
GIP-34 suppressed tumor growth from 20% to 84% that 
of controls (Table 2). It was evident that a single injection 

of peptide in 10% FBS was highly suppressive at day 2; 
however, the single-dose effect did not endure for 7 days 
and appears to require alternate day doses as previously 
proposed (Mizejewski & MacColl, 2003). The peptides 
were most effective at 10−5 to 10−8 molar concentrations, 
and when compared to DOX and tamoxifen (40–100% 
suppressive), the peptides suppressive effect compared 
closely to tamoxifen, but was highly surpassed by the 
DOX inhibition. In some instances, GIP-34 exceeded the 
growth inhibition produced by both DOX and TAM, such 
as with MCF-7, BT-483, BT-549, and HUT-78. The GIP-34 
peptides were most effective in the following tumor 
sequence: lymphomas >breast tumors >liver tumors. GIP 
showed little or no activity against normal lymphocytes, 
breast sarcomas, soft tissue and bone sarcomas, and tis-
sue slices of bone osteoclast cells in culture (Table 2). In 
summary, it appeared that GIP-34 was effective against 
many epithelial cancers (adenocarcinomas) but not 
against tumors of sarcoma origin. In view of these experi-
ments, one could propose that cyclic and linear GIPs 
should be either combined or conjugated with DOX and 
tamoxifen for in vitro studies, and this is demonstrated 
in the following text.

Biodistribution of radiolabeled GIP

A 34-amino acid–modified fragment of GIP-34 (desig-
nated as P149-QY), having two additional amino acids 
(glutamine and tyrosine), was synthesized and radiola-
beled with 125I radionuclide (Garnuszek et al., 2005). The 
introduction of a tyrosine residue at the C-terminal end 

Table 1. Comparison of % growth/inhibition of the hollow fiber assay of linear GIP-34 versus 12 different tumors of six cell culture cancer types. 
Inhibition was observed at concentrations of 10−5 to 10−7 M. Hollow fiber (HF) in vivo results at day 4 are compared to the in vitro results at day 2 
and day 6 of cell culture.**

S. No Tumors used (Type and number code)

In vitro cell culture* In vivo hollow fiber† In vitro cell culture*
2 days 4 days 6 days

1 Lung NCI-H23, H 226 5% (10−7) †33% (10−6) 10% (10−7)

2 Lung NCI-H522, H460 30% (10−7) 33% (10−5) 80% (10−7)

3 Breast MDA-MB-231 25% (10−7) 16% (10−7) 70% (10−7)

4 Breast MDA-MB-435 20% (10−6) 30% (10−6) 80% (10−6)

5 Colon SW620, HCC-299 10% (10−6) 25% (10−6) 75% (10−6)

6 Colon 205 10% (10−7) 25% (10−6) 10% (10−5)

7 Melanoma LOX 20% (10−6) 24% (10−5) 50% (10−6)

8 Melanoma Uacc-62 20% (10−7) 8% (10−6) 80% (10−6)

9 Ovary Ovcar-3 20% (10−7) 30% (10−6) 80% (10−7)

10 Ovary Ovcar-4,5 20% (10−6) 42% (10−6) 85% (10−6)

11 CNS U251 15% (10−7) 26% (10−5) 45% (10−7)

12 CNS SF-295 25% (10−6) 20% (10−5) 80% (10−6)

GIP-34, linear 34-mer growth inhibitory peptide.
4 day HF, data obtained from hollow fibers (containing tumor cells) implanted into the body cavity of adult mice for a 4-day treatment with 
GIP-34.
*Cell culture assayed at day 2 and at day 6 using the Sulforhodamine stained procedure. Culture fluid contained 5% fetal bovine sera.
**Both the in vitro and the in vivo assays were performed by the National Cancer Institute Drug Screening Program (Bethesda, MD and Frederick, 
MD). The hollow fiber testing was conducted by Dr. Melinda Hollingshead (Frederick, MD) and the cell culture assays were performed under the 
direction of Dr. Anthony B. Mauger (Bethesda, MD).
†Hollow fiber assay of growth inhibition observed after intraperitoneal (I.P.) and subcutaneous (SC) injections of linear GIP-34.
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of GIP-34 enabled the preparation of the radioiodinated 
P149-Q[125I]Y peptide. The P149-Q[125I]Y was synthesized 
and then purified on a SPE C18 cartridge. The biodistri-
bution studies employed the radioiodinated peptide 
injected into C3H/W mice bearing transplantable mam-
mary adenocarcinomas. It was found that more than 
40% and about 70% of the injected dose of P149-Q[125I]Y 
were excreted into the urine at 2 h and 24 h post admin-
istration, respectively (Table 3) (Garnuszek et al., 2005). 
Relatively high accumulation in the stomach [18–20% 
of the injected dose per gram (ID/g)] was observed, 
suggesting either degradation or some unknown bind-
ing activity of the radioiodinated peptide in vivo (see 

Discussion section). However, the constant amount of 
radioactivity retained in the stomach together with the 
decreasing concentrations of activity in the thyroid gland 
did not indicate a continuous release of free radioiodine 
(Table 3). Moderate and decreasing uptakes in the tumor 
tissue were also observed from 3.23% to 1.60% ID/g after 
0.5 h and 24 h post-intravenous injection, respectively. 
Nonetheless, due to a faster clearance of radiolabeled 
GIP from normal muscular tissue and from the blood, the 
tumor/muscle (T/M) and the tumor/blood (T/B) ratios 
increased following post administration time (Figure 1), 
indicating that a notable portion of the radiopeptide 
was still retained in the tumor tissue. Concurrently, the 

Table 2. The growth suppressive effect (%) of CGIP-34 and LGIP-34 are shown at optimal concentrations for multiple types of tumor cells in culture 
using 10% fetal bovine serum. The peptide results are compared to treatment with doxorubicin and tamoxifen showing growth suppression at their 
optimal concentrations. All drugs and peptides were given at a single dose lasting for either 2 days or 7 days.

Tissue of origin
Cell line 
designation Tumor or cell type

Growth suppression (%) and optimal conc. (M)

CGIP-34 LGIP-34 DOX TAM

*Lymph nodules Hut-78 T-cell Lymphoma 2D 83 (10−7) 84 (10−5) 99 (10−5) 44 (10−8)

7D 0 (-) 0 (-) 99 (10−6) 10 (10−6)

*Lymph nodules Hut-102 T-Cell Lymphoma 2D 44 (10−7) 66 (10−7) 80 (10−6) 44 (10−6)

7D 20 (10−7) 18 (10−7) 100 (10−6) 38 (10−5)

*Normal 
lymphocyte

None PHA activated T-cell 2D 84 (10−8) 82 (10−6) 74 (10−5) 69 (10−5)

7D 0 (-) 0 (-) 77 (10−5) 70 (10−5)

*Liver HEPG2 Hepatoma 2D 46 (10−7) 80 (10−8) 90 (10−6) 60 (10−5)

7D 0 (-) 0 (-) 100 (10−6) 60 (10−7)

*Breast HCC1143 Breast Metastasis to the Liver 2D 50 (10−8) Lys (10−5) ND ND

7D 0 (-) 0 (-) ND ND

*Breast T-47D Ductal-carcinoma 2D 0 (-) 98 (10−8) 87 (10−6) 74 (10−5)

7D 0(-) 0 (-) 85 (10−6) 71 (10−7)

*Breast BT 483 Ductal-carcinoma 2D 22 (10−8) 29 (10−6) 11 (10−6) 0 (-)

7D 39 (10−5) 75 (10−7) 52 (10−6) 60 (10−6)

†Breast MCF-7 Adeno-carcinoma 2D 88 (10−8) 48 (10−8) 72 (10−6) 63 (10−7)

7D 0 (-) 0 (-) 91 (10−6) 70 (10−5)

*Breast MDA-MB-157 Adeno-carcinoma 2D 0 (-) 5 (10−6) 6 (10−5) 0 (-)

7D 36 (10−7) 35 (10−8) 100 (10−6) 87 (10−5)

*Breast MDA-MB-468 Adeno-carcinoma 2D 21 (10−8) 23 (10−7) 33 (10−5) 0 (-)

7D 38 (10−7) 17 (10−7) 100 (10−6) 100 (10−5)

*Breast BT 549 Adeno-carcinoma 2D 50 (10−6) 50 (10−6) 10 (10−6) 0 (-)

7D 6 (10−7) 6 (10−7) 100 (10−6) 48 (10−5)

*Breast ZR75-1 Adeno-carcinoma 2D 0 (-) 0 (-) ND ND

7D 50 (10−6) 50 (10−6) 98 (10−6) 69 (10−5)

†Breast TX-2-28 Tamoxifen Resistant Adeno-
carcinoma

2D 24 (10−7) 30 (10−6) 67 (10−6) 80 (10−7)

7D 0 (–) 0 (–) 98 (10−6) 61 (10-5)

†Breast MCF-10 Benign Adenoma 2D 0 (–) 0 (–) 0 (–) 0 (–)

7D 12 (10−7) 48 (10−6) 100 (10−6) 97 (10−6)

§Soft Tissue RD Rhabdomyosarcoma 7D 0 (–) 0 (–) ND ND

§Bone TC-71 Ewing’s Sarcoma 7D 0 (–) 0 (–) ND ND

‡Bone DORA-1 Osteoclasts 2D ND 0 (–) ND ND

ND, not done; 2D, 2 days; 7D, 7 days; CGIP, cyclic growth with inhibitory peptide; LGIP, linear growth inhibitory peptide.
*Assayed by Bernard Poiecz, MD, Hematology/Oncology Department, University Hospital, Upstate Medical Center, Syracuse, New York.
†Assayed by Kathleen Arcaro, PhD, Department of Veterinary & Animal Sciences, University of Massachusetts, Amherst, Massachusetts. Data 
extracted from presentation at AACR Annual Meeting, Proc Amer Assoc Cancer Research, Washington, D.C., 2005.
‡Assayed by David Dempster, MD, Regional Bone Center, Clinical Pathology Department, Columbia University Medical Center, New York, NY 
(personal communication, unpublished data).
§Assayed by Timothy Damron, MD, Musculoskeletal Sciences Research Center, Department of Orthopedic Surgery, SUNY Upstate Medical Center, 
Syracuse, NY (personal communication, unpublished data.)
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nontumor-to-blood ratios in the stomach, kidney, and 
intestine continued to rise at 24 h post-injection indicat-
ing radionuclide uptake (Figure 2; see Discussion). Such 
behavior of the radioiodinated peptide in vivo suggests 
a specific mechanism of peptide binding and retention 
in the tumor cells, probably reflective of ligand–receptor 
interaction.

The two cysteines present in linear GIP-34 peptide may 
favor, in solution, the intrapeptide disulfide bond forma-
tion that lead to the loss of peptide activity (Muehlemann 
et al., 2005). For this reason, the 99mTc-labeling of the 
peptide and the HYNIC conjugates were performed 
with the use of stannous chloride for 99mTc(VII) reduc-
tion to 99mTc(IV), both in the absence and in the pres-
ence of tricine as a co-ligand, respectively. The yields of 
99mTc-labeling depend on peptide concentration, reaction 
time, temperature, presence or absence of co-ligand 

(tricine), and blocking of the free sulfhydryl groups with 
N-ethylmaleimide (EM). The HYNIC–P149-QY conjugate 
labeled with 99mTc in the presence of tricine produced 
yields of about 95%.

In vivo experiments with the directly 99mTc-labeled 
P149-QY showed significant differences of biodistribu-
tion (Table 4) compared to the P149-Q[125I]Y analogue 
(Table 3). 99mTc-labeled P149-QY peptide revealed a high 
kidney accumulation (72% ID/g), with a lower concen-
tration in blood (2.25% ID/ml), as well as a low concen-
tration in tumor tissue (0.66% ID/g). The introduction 
of HYNIC as a bifunctional chelator for 99mTc-labeling 
of P149-QY peptide in non-tumor mice surprisingly 
resulted in an increase of kidney uptake up to 156% ID/g 
and a decreased radionuclide accumulation in blood. 
Considering the biodistribution results for both direct 
and indirect 99mTc-labeled peptide, it seemed that 99mTc 
binding negatively influenced the structure of the pep-
tide, probably due to radionuclide reaction with––SH 
residues (Cys8 and Cys21). After blocking of the free 
sulfhydryls in HYNIC–P149-QY by EM, the kidney uptake 
decreased to 90% ID/g, and a 50% higher excretion of the 
radioactivity in urine was observed (Maurin et al., 2008). 
This sulfyhdryl blocking positively influenced the target 
tissue accumulation in tumor-bearing mice (Table 4). 
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Figure 1. Variations of in vivo concentration of P149-Q[125I]Y in mouse 
mammary adenocarcinoma (bars) with time after administration, in 
relation to ratios of the tumor/muscle (solid line) and the tumor/
blood (dashed line). Data extracted and re-drawn from Garnuszek 
et al. (2005).
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Figure 2. The nontumor-to-tumor blood ratios are displayed for the 
biodistribution of 125I-P149Q in various organs of C3H/W mice stud-
ied at three time intervals. Data derived and revised from Garnuszek 
et al. (2005).

Table 3. Biodistribution of P149-Q[125I]-Y peptide in tumor-bearing 
C3H/W mice (%ID/g mean and SD; n−6).*
Organ/Tissue 0.5 h p.i.v. 2 h p.i.v. 24 h p.i.v.

Blood (1 mL) 6.86 ± 1.78 4.15 ± 0.37 1.65 ± 0.20

Thyroid gland 5.43 ± 1.21 6.25 ± 0.29 3.13 ± 0.65

Lung 1.78 ± 0.01 1.69 ± 0.27 2.04 ± 0.86

Liver 2.97 ± 0.62 1.68 ± 0.15 0.85 ± 0.11

Kidney 13.41 ± 1.70 12.73 ± 2.58 6.32 ± 2.49

Stomach 18.85 ± 3.44 18.60 ± 2.12 20.08 ± 4.12

Intestines 4.17 ± 0.49 3.62 ± 0.51 2.85 ± 0.19

Tumor 3.23 ± 0.41 2.83 ± 0.45 1.60 ± 0.35

Muscle 1.40 ± 0.19 1.20 ± 0.28 0.47 ± 0.02

Urine [%ID] 26.76 ± 0.98 41.10 ± 4.29 66.98 ± 7.49

*Data extracted and modified from Garnuszek et al. (2005).
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Figure 3 displays the comparison of the target-to-non-
target ratios for the three radioactive preparations stud-
ied in tumor-bearing mice. In spite of comparable tumor/
muscle (T/M) ratios observed for the three prepara-
tions, the tumor/blood (T/B) ratio is significantly higher 
for SH-protected 99mTc-HYNIC-P149QY (0.89 ± 0.22), 
especially when compared directly with 99mTc-labeled 
P149QY (0.28 ± 0.06). This suggests specific binding of 
the SH-blocked peptide in tumor tissue, not only arising 
from tumor vascularity and blood flow, but also due to a 
specific peptide accumulation based on ligand-receptor 
interaction.

In order to prove that GIP-34 might bind to an AFP 
receptor(s) in tumor tissue, an attempt was made to 
detect proteins that were bound to the radiopeptide in 
tumor tissues. Protein extracts from mouse mammary 
adenocarcinoma were incubated with P149-Q[125I]Y in 
the presence of the cross-linking agent, ethylene glycol 
bis(succinimidyl succinate). Following Western blotting, 
a radioactive band with an estimated molecular weight of 
30 kDa was detected (Garnuszek et al., 2005).

Cell membrane fluorescence

Both forms of GIP (linear, scrambled) were individu-
ally conjugated to the surface of EviTags (nanocrystals 
from Evident Technologies) quantum dots which emit a 
green fluorescence at 520 nm. The amount of light emit-
ted by quantum dots remained constant regardless of the 
peptide’s conformation and sequence (data not shown). 
Upon exposure to MCF-7 cells, linear GIP-EviTags local-
ized both on the surface and in the cytoplasm of the 
tumor cells are shown in Figure 4A–C. Panel B displays 
the cell surface of MCF-7 cells incubated at 4°C with the 
GIP/EviTags conjugate. It was evident that the tumor cells 
had bound and incorporated the conjugated GIP onto 
the cell surface membrane. The clear definition of cell 
peripheries produced by the particulate fluorescence 
could be noted as well the less obvious nuclei barely 

made visible by a faint punctuate fluorescence. In con-
trast with the scrambled peptide conjugated on EviTags 
in Figure 4C, linear GIP clearly binds to the surface of 
MCF-7 cells (Figure 4B), while the former did not bind.

For isolation of a putative GIP receptor on MCF-7 cells, 
immediately after cell surface binding, a membrane pro-
tein (solution) extract was produced by sonication and 
vortexing followed by passage through a GIP-bound affin-
ity column and purging via glycine-HCl-low pH solution 
(Teng et al., 2000). Eluents from the GIP column were 
separated according to size by SDS-PAGE analysis. All 
PAGE lanes produced standard bands as expected by the 
migration markers; however, two lanes produced a faint 
band which was heretofore not present in prior eluents 
and washings. The washings represented the supernatant 
from the sonication/vortexing step and the third high 
salt/pH wash. Following calculations in comparison to 
migration markers, the unknown band was calculated to 
have a molecular mass of 16.5 kDa.

Table 4. Biodistribution of the 99mTc-radiolabeled P149-QY peptide in normal and tumor-bearing mice (2-h post intravenous injection – p.i.v.; 
%ID/g).†

Tissue

99mTc-HYNIC-P149-QY normal  
Swiss mice n = 6

99mTc-P149-QY tumor-bearing  
C3H/W mice n = 5

99mTc-HYNIC-P149-QY* 
n = 5

Blood (1 mL) 0.51 ± 0.18 2.25 ± 0.43 1.44 ± 0.12

Thyroid gland 0.40 ± 0.09 1.19 ± 0.44 1.33 ± 0.26

Lung 0.49 ± 0.16 1.75 ± 0.43 1.11 ± 0.08

Liver 4.66 ± 2.90 3.36 ± 1.21 4.40 ± 0.24

Kidney 156.00 ± 24.67 72.16 ± 3.35 80.76 ± 15.26

Stomach 0.40 ± 0.11 3.83 ± 1.19 1.29 ± 0.32

Intestines 0.67 ± 0.24 2.64 ± 0.54 2.55 ± 0.05

Tumor - 0.66 ± 0.16 1.27 ± 0.26

Muscle 0.24 ± 0.08 0.37 ± 0.16 0.58 ± 0.08

Urine [%ID] 36.23 ± 10.82 39.79 ± 5.94 53.31 ± 5.40

*SH-blocked.
†Data extracted and modified from Maurin et al. (2008).
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Figure 3. Comparison of the target to non-target ratios (tumor/mus-
cle T/M, and tumor/blood T/B) for the three radioactive preparations 
of P149QY peptide, studied in mammary adenocarcinoma bearing 
C3H/W mice 2-h p.i.v. Data extracted and redrawn from Maurin 
et al. (2008).
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Doxorubicin cytotoxicity

It has been previously reported that GIP-34 bound to the 
surface of MCF-7 breast adenocarcinoma cells and was 
then endocytosed by these cells (Mizejewski & MacColl, 
2003). One of the present multicenter research groups 
(Severin et al., 1995) studied whether the С-terminal 
fragment of linear GIP-8 possessed such activity and for 
this purpose employed an FITC-labeled derivative of 
octapeptide FITC-GIP-8 (Figures 5 and 6). The binding 
and endocytosis of FITC-GIP-8 by human ovarian tumor 

cells and normal human peripheral blood lymphocytes 
were monitored by flow cytometry. Peptide-to-cell bind-
ing was analyzed following a 1.0 h incubation of FITC-
EMTPVNPG (GIP-8) with tumor cells at 4оС; however, 
endocytosis only occurred after 1 h incubation at 37оС. 
It was found that FITC-GIP-8 bound readily to SKOV3 
ovarian cells (Figure 5A), but bound only slightly with 
stimulated lymphocytes (Figure 5B). The measurement 
of the level of endocytosis of FITC-GIP-8 thus provided 
evidence of high specificity of GIP-8 uptake by the ovar-
ian tumor cells. In a similar fashion, the incubation of 
lymphocytes with FITC-GIP at 37оС produced little if any 
influence on the increase of fluorescence intensity (IFI) 
compared to incubation at 4°C; under the same condi-
tions, tumor cells displayed a notable increase in the IFI. 
On average, the tumor cells displayed a fivefold increase 
and an order of magnitude increase, compared to the 
accumulation of FITC-GIP-8 in lymphocytes demonstrat-
ing tumor cell binding specificity.

Analysis of the endocytosis and intracellular distribu-
tion of FITC-GIP-8 with fluorescent microscopy showed 
that bright luminous clusters could be observed in the 
tumor cell cytoplasm after 1 h incubation (37оС) of 
cells with FITC-GIP-8 (Figure 6A). After a lapse of 24 h, 
the fluorescence was more intense and in juxtaposition 
to other clusters forming wide luminous zones in the 
cytoplasm, mostly in the perinuclear region of the cell 
(Figure 6D–F).

The GIP-8 conjugated to the antibiotic DOX was 
synthesized by the use of a 4(4-N-maleimidomethyl)
cyclohexane-1-carboxyl hydrazide crosslinker which 
forms a thioester bond between the 8-mer peptide and 
the DOX. The accumulation and distribution of the GIP-
8–DOX conjugate were then examined in SKOV3 cells 
using fluorescence and phase microscopy. The distinctly 
expressed red fluorescence of DOX in cells treated with 
the GIP-8–DOX conjugate (Figure 7A–H) provided evi-
dence supported by phase microscopy that DOX was 
inclusive within the conjugate and was efficiently taken 
up by the tumor cells. As the time of incubation increased 
from 1 to 4 h, the fluorescence intensity increased. As 
shown in Figure 6, cells treated with GIP-8–DOX conju-
gate displayed DOX distribution predominantly in the 
nuclei of cells, such a phenomenon being typical for 
unbound (free) DOX; this indicated that DOX contained 
within the GIP-conjugate retained the ability to penetrate 
into nuclei of tumor cells to interact with the cell target 
DNA.

The uptake of GIP-8–DOX by several different tumor 
cells was detectable using flow cytometry and was 
observed to be a rapid process. After a 15 min incuba-
tion of cells with increasing conjugate concentrations at 
37оС, a significant increase could be seen in the inten-
sity of fluorescence of DOX within the tumor cells, and 
this observation was consistent with the evidence that 

A

B

C

Figure 4. Microscopy of human MCF-7 cells: (A) bright field image of 
cells in (B). Fluorescent microscopy of MCF-7 with (B) linear GIP-34/
EviTags and (C) scrambled GIP-34/EviTags. Photos obtained from 
Co-author’s (B, D, C.) unpublished data.
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tumor cells had engulfed, retained, and accumulated 
the conjugate (Figure 8). The efficiency of this process 
varied for the different lines of tumor cells, but in all 

cases the accumulation of GIP-8–DOX exceeded the 
accumulation of free DOX by 2.5-fold to 15-fold. In con-
trast to the tumor cells, lymphocytes from peripheral 
blood showed accumulation of GIP-8–DOX after 15 min 
of incubation and did not differ from that of free DOX 
for the same time interval (Figure 8, bottom right panel). 
It is of interest that the accumulation of GIP-8–DOX in 
both tumor cells and lymphocytes highly correlated 
with the observed FITC–GIP-8 accumulation on those 
cells (Figure 6).

The study of cytotoxic activity of the GIP-8–DOX con-
jugate showed that the in vitro toxicity of the conjugate 
for SKOV3 and MCF-7 cells approximated that of the 
unbound (free) DOX for the same cell lines (Figure 9). 
Concurrently, cytotoxicity of stimulated lymphocytes 
due to the GIP-8-DOX was markedly lower (by one order 
of magnitude at the minimum) than that for unbound 
(free) DOX.

Discussion

GIP-34 growth effect on tumor cell lines

It has been reported that GIP-34 peptides were capa-
ble of suppressing the in vitro growth of a multitude of 
human cancer tumors in addition to breast cancers. 
As previously reported (Mizejewski & MacColl, 2003; 
Muehlemann et al., 2005), the GIP-34 segment displayed 
cytostatic activity in cell cultures representing eight dif-
ferent human tumor types and inhibiting growth in 38 of 
60 different cell lines grown in 5% FBS-containing media. 
The effective peptide doses of tumor suppression ranged 
from 10−5M to 10−7M which encompassed glandular, 
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Figure 5. Binding (+4°C) and uptake (+37°C) of FITC-GIP-8(EMTPVNPG) by (A) human ovarian carcinoma SKOV3 cell line and (B) human 
peripheral blood lymphocytes. The Figures 5–9 were modified and redrawn from data obtained at the 30th Meeting of the Oncodevelopmental 
Biology & Medicine Society, Boston, MA, 2002.

B

A

C F

D

E

Figure 6. Intracellular localization of FITC-GIP-8(EMTPVNPG) after 
1 h (A–C) and 24-h (D–F) incubation in human ovarian carcinoma cells 
of SKOV3 line. (A,D) Green fluorescence of FITC; (B,D) phase contrast; 
(C,F) blue fluorescence of the nuclei of cells, stained with Hoechst 
33342. Magnification 400×. (For data source, see Figure 5 legend.)
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ductal, and epithelial carcinomas (especially breast 
tumors, 80%) with marginal activity against leukemias, 
and a lack of activity against sarcomas. In the present 
review, it was confirmed that the GIP suppressive activ-
ity required additional peptide doses since single dose 
exposure to GIP, while effective at 2 days, did not always 
endure for 7 days. It was further observed that GIP-34 at 2 
days of treatment was as effective as tamoxifen at compa-
rable doses, while a similar comparison to DOX (10−7 M) 
showed that the antibiotic drug surpassed GIP-34 in 
some of the tumor growth suppression assays. These 
observations suggested that DOX conjugated to GIP 
should be highly effective against tumors and it proved 
to be so (see Results section). It is further suggestive that 
the GIPs might even be combined (as a non- conjugate) 

with DOX and/or tamoxifen doses in future experiments 
of therapeutic efficacy.

It was noteworthy that the GIP-34 tumor growth 
suppression property was also demonstrable in vivo 
using daily peptide dose injections in a 4-day hollow 
fiber assay (Table 1). The 4-day in vivo assay indicated 
that GIP was able to penetrate the pore size of the 
hollow fiber implant and was capable of suppressing 
growth of body cavity–implanted ovarian tumor cell 
lines OVCAR-3 (30%) and OVCAR-4 (42%), NCI-H226 
and H460 lung cancers (33%), and breast tumors MDA-
MD-231 and MDA-MD-435 (15–30%). Since GIP-34 per-
formed best in breast and ovarian tumors, the MCF-7 
breast and ovarian tumors, the MCF-7 breast tumor 
and the SKOV3 ovarian tumors were selected for study 
in various assays of the present multicenter report (see 
DOX toxicity later).

A

C

E

G

B

D

F

H

Figure 7. The distribution of GIP-8 (EMTPVNPG)–DOX conjugate in 
human ovarian carcinoma SKOV3 cells after (C,D) 1 h, (E,F) 4 h and 
(G,H) 24 h incubations. (A,B) Control cells; (A,C,E,G) fluorescence 
microscopy; (B,D,F,H) phase-contrast microscopy. (For data source, 
see Figure 5 legend.)
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Figure 8. The uptake of doxorubicin by human tumor cells (ovar-
ian carcinoma SKOV3, breast adenocarcinoma MCF-7, hepatocel-
lular carcinoma HepG2, B-lymphoma Namalva, T-lymphoma Jurkat) 
and human peripheral blood lymphocytes after 15 min incubation 
with doxorubicin (DOX) and its conjugate with EMTPVNPG(GIP-8) 
at 37°C. MFI, mean fluorescence intensity. Closed squares, DOX; 
closed circles,(EMTPVNPG) GIP-8-DOX. (For data source, see Figure 5 
legend.)
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Biodistribution

It has been documented that human tumor cells express 
cell surface proteins with binding affinity for full-length 
AFP (Mizejewski & MacColl, 2003). Such a receptor for 
AFP was first described for MCF-7 human breast cancer 
cells (Villacampa et al., 1984; Torres et al., 1989; Kanevsky 
et al., 1997). Those studies revealed the receptor’s pres-
ence and showed the existence of two classes of binding 
sites, low (10−8 M) and high (10−10 M) affinity binding sites 
(Villacampa et al., 1984; Mizejewski, 1995). On the basis 
of these studies and others, it was observed that at least 
three membrane proteins with molecular masses of 18, 

31, and 65 kDa were involved in the binding of AFP to 
breast cancer cells (Villacampa et al., 1984; Naval et al., 
1985; Suzuki, Zeng, Alpert, 1992; Torres, Darracq, & Uriel, 
1992a; Moro et al., 1993). The number of receptors per 
cell ranged from 2,000 to 300,000, including both the low- 
and high-affinity binding sites (Mizejewski, 1995).

In a previous study, the accumulation of radiolabeled 
AFP was confirmed in both mouse and rat tumors (Line 
et al., 1999; Mirowski et al., 2003; Maurin et al., 2008). The 
specific accumulation of labeled AFP in the rat mammary 
adenocarcinoma was significantly higher than that in rat 
mammary adenoma (Mirowski et al., 2003).

It was proposed that only short peptide segments of 
the whole AFP molecule may actually be involved in the 
interaction of AFP with its putative receptor (Mizejewski 
et al., 1996; Mizejewski, 2002). Such a concept provided 
the impetus for further analysis of the GIP-34 fragment 
synthesized as a modified 36-amino acid peptide of 90% 
homology to GIP-34 named the P149-QY (Garnuszek et al., 
2005). The introduction of tyrosine at the C-terminal end 
enabled the radioiodination of the P149-Q[125I]Y peptide 
which, after isolation and purification on reverse phase-
HPLC, demonstrated radiochemical purity in the range 
of 95%, and was quite stable during storage for several 
days at 4°C. Biodistribution studies in tumor-bearing 
mice have demonstrated a higher pharmacokinetic rate of 
P149-Q[125I]Y compared with the radioiodinated [131I]-AFP 
molecule (Mirowski et al., 2003; Garnuszek et al., 2005).

The biodistribution of radiolabeled P149 (GIP-34) 
deserves special mention in that the non-tumor-to-
blood ratios in certain organs of the C3H mice were 
exceedingly high. Increased ratios above 1.0 indicated 
that the radionuclide/peptide conjugate had accu-
mulated and was retained in that organ. The kidney 
can readily be explained by the observation that 
 radionuclide was being eliminated via the kidney as 
urine levels would indicate (Garnuszek et al., 2005). 
However, the highly elevated ratios in the stomach 
were an  unexpected observation. Recent publica-
tions  regarding the  expression of the GPR30 receptor 
in mouse and human tissues (Kakinuma et al., 2005; 
Isensee et al., 2009) may provide a possible explana-
tion. In a study by Hamza et al., (2003) it was reported 
by computer modeling that a portion of GIP-34 was 
capable of binding to the GPR30 receptor. It was then 
reported (Kakinuma et al., 2005) that the expression 
of a GPR30 mRNA form was detected in both human 
normal stomach cells and in gastric cancer cells. It was 
subsequently reported (Isensee et al., 2009) that mice 
contained high expression levels of GPR30 in normal 
murine gastric chief cells of the stomach and in small 
arterial vessels of multiple tissues (intestine, lung). 
Thus, it can be proposed that this observation provides 
indirect (circumstantial) evidence of GIP binding to a 
GPR30 receptor-like molecule.

S
ur

vi
va

l (
%

)

0
100

SKOV3

DOX
IC50(nM)

305
260EMTPVNPG-DOX

EMTPVNPG

1000

20

40

60

80

100

MCF-7

10010

IC50(nM)
320
320

DOX
EMTPVNPG-DOX
EMTPVNPG

1000

S
ur

vi
va

l (
%

)

0

20

40

60

80

100

Lymphocytes

Concentration (nM)
10010

IC50(nM)
170

>1000
DOX
EMTPVNPG-DOX
EMTPVNPG

1000

S
ur

vi
va

l (
%

)

0

20

40

60

80

100

Figure 9. Viability of human ovarian carcinoma SKOV3 cells, human 
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source, see Figure 5 legend.)
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At present, the radionuclide used in nuclear medi-
cine in 90% of all scans is 99mTc which is available from 
99Mo/99mTc generators. Due to the importance of 99mTc 
labeled peptides to radio-immunodiagnosis and because 
of the large notable differences between the direct and 
indirect methods for peptide labeling, the preferred use 
of 99mTc-labeled P149QY via bi-functional chelator HYNIC 
was highly justified (Maurin et al., 2008). Significant dif-
ferences were noted in biodistribution studies between 
P149-Q[125I]Y analogue, the directly 99mTc-labeled P149-QY, 
and 99mTc-labeled-HYNIC-P149-QY in spite of comparable 
T/M ratios observed for the three preparations (Figure 3). 
According to data presented by Maurin et al. (2008) it 
was proposed that the two cysteines present in solubi-
lized P149 peptide favor the intrapeptide disulfide bond 
formation that may lead to alterations of the anti-growth 
activity of the peptide (Garnuszek et al., 2005). It was also 
observed that the presence of some ions may influence 
the peptide activity such as Zn(II) ion binding to the 
GIP-34 peptide, stabilizing its active form (Eisele et al., 
2001a, 2001b; MacColl et al., 2001; Garnuszek et al., 2005); 
however, Co(II) ion acts in reverse, catalyzing the loss of 
peptide activity. Therefore, efforts were made to prevent 
the formation of a less active form of the peptide in the 
radiolabeling process, and that a new peptide analogue 
should be synthesized in which the two cysteine residues 
would form a disulfide-bridged cyclic GIP-34.

For the detection and identification of (P149-Q[125I]
Y)-binding proteins, methods based on chemical cross-
linking between receptor and labeled ligand were utilized 
for the detection of GIP-34 receptor molecules in human 
breast cancer (Prévost et al., 1993). According to that 
data, (P149-Q[125I]Y)-binding protein derived from the 
tumor extract appeared as a single band with a molecular 
weight of 30 kDa. From these findings, one can conclude 
that the interaction between AFP-peptide and its putative 
receptor are possible through the amino acid sequences 
exposed by GIP-34, and that the radioiodinated peptide 
in western blots identified a molecular mass of 30 kDa 
as a receptor for the radiopeptide. However, further 
studies are needed for the identification of the actual 
receptor responsible for binding with the radiolabeled 
GIP molecule.

Cell surface fluorescence

The present microscopal fluorescence analysis using 
nanocrystals demonstrated that conjugated GIP inter-
acted and bound to the plasma membrane interface of 
individual MCF-7 tumor cells. By fluorescence tagging 
of GIP with EviTags quantum (nano) dots, visualization 
of GIP cell surface binding was achieved, while scram-
bled peptide controls produced little, if any, cell surface 
fluorescence demonstrating binding specificity. GIP is 
then endocytosed, packaged in vesicles (endosomes), 

and passaged through the trans-golgi and endoplasmic 
reticulum to ultimately reside in a perinuclear location 
(see Results section) within the cell.

In order to detect and possibly identify a putative GIP 
receptor, an MCF-7 tissue extract was passaged through 
an antigen (GIP) affinity column followed by a glycine-
HCl and low pH column (purging) extraction. Following 
PAG electrophoresis and silver staining, a discrete new 
protein band was observed displaying a molecular mass 
of 16.5 kDa. This protein had bound and was eluted from 
the affinity column indicating it was a GIP-binding pro-
tein from the MCF-7 cell membrane sonication prepa-
ration. Since non-specific binding proteins attached to 
the GIP affinity column would have been washed away, 
present evidence suggests that the binding entity was 
specific to GIP.

Doxorubicin toxicity studies

The results of the study of cytotoxicity are in good agree-
ment with the data on accumulation and uptake of the 
GIP-8–DOX conjugate into tumor cells. In SKOV3 and 
MCF-7 tumor cells, the level of accumulation of GIP-
8–DOX is rather high and the conjugate displays a high 
toxic activity against these cells. In lymphocytes, the level 
of accumulation of the conjugate is low and therefore its 
cytotoxic activity is also low. Thus, the obtained results 
provide evidence of the specificity of the GIP–DOX conju-
gate for uptake by tumor cells in vitro and demonstrates 
that the peptide conjugate is equally effective a cytotoxic 
agent as DOX alone.

These findings provide evidence of high binding and 
subsequent endocytosis of the octapeptide by SKOV3 
ovarian tumor cells and a significantly lower (by 5–10 
times) level in the case of peripheral blood lymphocytes. 
Thus, these data provided in vitro evidence of the specifi-
city of the GIP-8 octapeptide uptake by tumor cells and 
permits one to consider the 8-mer peptide as a potential 
vehicle for targeted delivery of cytotoxic drugs to tumor 
cells. It remains unclear, however, which receptor on the 
surface of tumor cells binds the GIP-8. It has been shown 
earlier that GIP-34 bound to the surface of MCF-7 breast 
adenocarcinoma cells and was clearly endocytosed by 
these cells (Mizejewski & MacColl, 2003). It is unlikely that 
either GIP-34 or the GIP-8 segment of AFP are capable of 
binding with the AFP membrane receptor described by 
Moro et al. (1993), unless the AFP molecule is denatured 
or undergoes a conformational change because the GIP 
segment is positioned inside the AFP protein globule 
itself.

What is the receptor for growth inhibitory peptide?

From the studies conducted in the present multicenter 
report, it becomes readily apparent that GIP-34 can 
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bind to two or more cell surface receptors. Earlier 
 publications based on computer modeling systems 
suggested plausible binding of GIP to G-coupled 
seven- transmembrane receptors, such as the GPR30 
estrogen-binding membrane receptor (Hamza et al., 
2003). The binding of GIP-34 and GIP-8 to GPR-30 might 
only account for the estrogen-dependent activities 
ascribed to GIP-34, but not its estrogen-independent 
actions (Mizejewski et al., 2006). It has already been 
reported that GIP is not exposed on native, compact 
circulating HAFP and only a conformational change 
can expose the entire GIP-34 segment in stress and 
shock environments (Vakharia & Mizejewski, 2000). 
Hence, the search for a GIP receptor must take into 
account that GIP represents an exposed segment of 
the denatured (unfolded or molten globule form) AFP 
molecule (Mizejewski, 2001). One must then seek a 
receptor family that would bind conformationally 
altered (transformed) AFP or free-circulating peptides. 
Such receptors are found in gene families of proteins 
related to pattern recognition binding (Pal & Wu, 2009; 
Srikrishna & Freeze, 2009). Both AFP and albumin have 
been previously reported to bind such transmembrane 
proteins (Torres et al., 1992a).
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